The manganese deposits of the Artillery Mountains region lie within an area of about 25 square miles between the Artillery and Rawhide Mountains, on the west side of the Bill Williams River in west-central Arizona. The richest cropplngs are on the northeast side of this area, among the foothills of the Artillery Mountains. They are 6 to 10 miles from Alamo. The nearest shipping points are Congress, about 50 miles to the east, and Aguila, about 50 miles to the southeast.
The principal manganese deposits are part of a sequence of alluvial fan and playa material, probably of early Pliocene age, which were laid down in a fault basin. They are overlain by later Pliocene (?) basalt flows and sediments and by Quaternary basalt and alluvium. The Pliocene (?) rocks -are folded into a shallow composite syncline that occupies the valley between the Artillery and Rawhide Mountains, and the folded rocks along either side of the valley, together with the overlying Quaternary basalt, are broken by faults that have produced a group of horsts, grabens, and step-fault blocks.
The manganiferous beds lie at two zones, 750 to 1,000 feet apart stratigraphically, each of which is locally as much as 300 to 400 feet thick. The main, or upper, zone contains three kinds of ore sandstone ore, clay ore, and "hard" ore. The sandstone and clay ores differ from the associated barren sandstone and clay, with which they are interlayered and into which they grade, primarily in containing a variable proportion of amorphous manganese oxides, besides iron oxides and clayey material such as are present in the barren beds. The "hard" ore is sandstone ore that has been impregnated with opal and calclte and in which the original amorphous manganese oxides have been largely converted to psilomelane and manganite. The average manganese content of the sandstone and clay ores is between 3 and ,4 percent and that of the "hard" ore is between 6 and 7 percent. The ore contains an average of 3 percent of iron, 0.08 percent of phosphorus, 1.1 percent of barium, and minute quantities of copper, lead, and zinc. Although the manganese content of the sandstone and clay ore may change abruptly from bed to bed, the content within any individual bed changes gradually, and for any large volume of ore both the manganese and iron content are remarkably uniform.
Explorations to June 1941 consisted chiefly of 43 holes diamond-drilled in the upper zone on the Artil-lery Mountains side of the area.
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The district is estimated to contain an assured minimum of 200,000,000 tons of material having an average manganese content of 3 to 4 percent. About 20,000,000 tons of this total contains 5 percent or more of, manganese, and 2,000,000 to 3,000,000 tons contains 10 percent or more. To what extent these deposits can be utilized is a metallurgical and economic problem. Although the clay and sandstone ores, as well as the "hard" ore, are present in large tonnages, the "hard" ore is the only kind that combines minable tonnage with promising grade. About 15,000,000 tons of "hard" ore is present; about 500,000 tons of this contains 15 percent or more of manganese and averages 17 percent, and somewhat over 2,000,000 tons contains 10 percent or more and averages nearly 13 percent.
Except for closer drilling to determine such things as the tonnage, grade, spacing, and form of the richer shoots with greater accuracy before beginning to mine them, further explorations are not recommended, for any new ore found is likely to be similar, both in grade and kind, to that already discovered. Interior, tested some of the ore in 1934, and although they 2/ reported ' that its concentration by present methods of oredressing appeared hopeless, they listed^/ the deposit as the second largest of the low-grade manganese deposits in the United
States that might prove amenable to some form of hydrometallurgical treatment.
In the Spring of 1938, S. G. Lasky and R. J. Roberts of the Geological Survey, United States Department of the Interior, made a geologic survey of the area and also sampled the deposits I/ Hewett, D. F., find others, Mineral resources of the repion around Boulder Dam: U. S. Geol. Survey Bull. 871, p. 81, 1936. 2/ Dean, R. S., and others: Manganese: Its occurrence, milling, and metallurgy, pt. 1: U. S. Bur. Mines Inf. Circ. 6768, 193 Except during floods, which may come only once or twice, or not at all, in a year but which may last for some time, the normal discharge at Planet, 28 miles below Alamo, seems to range 4/ between 10 and 20 second-feet.^/ A tremendous amount of water is probably contained in the gravel and sand of the flood plain of the Bill Williams River, and probably some of it could be pumped out and used in exploitation of the manganese deposits, provided that such pumping did not seriously lessen the surface flow preempted by users farther down the river. 689, 704, 719, 734, 749, 764, 789, 809, 1929-36. Limestone with minor quantities of shale and qviartzite, in part metamorphosed.
(Angular unconformity.)
Pre-Cambrian:
Granite, gneiss, micro-breccia, and subordinate schist, including some monzonitic rock in the Rawhide and Buckskin Mountains that may be of post-Cambrian age. Hard or supergene ore
The hard ore consists of manganiferous siltstone, sandstone, and conglomerate that has been Impregnated with opal, "sand calcite," and a little analcite, and in which the original wad has been converted to psllomelane and manganite. The processes of alteration included leaching of clay and iron oxide from the original cement, as a result of which the ore is highly porous.
Though most of the hard ore contains both "sand calclte" and opal, much contains only one or the other, and some contains neither, the sand grains being held together by psilomelane and manganite. Usually, however, these various phases occur together and are intimately associated.
As compared to unaltered ore, the hard ore is relatively resistant to weathering. It is somewhat blacker than sandstone ore of equal grade and comparable grain size, though not so black as sandstone ore containing much pyrolusite. Some of it reacts vigorously, some of it faintly, to hydrogen peroxide, the Two manganiferous layers crop out to the northwest, in the angle between the two main spurs of the Price fault. The lower one, which is at or close to the base, is mostly less than a foot thick; the upper one has a maximum thickness of 3 feet.
Sees. 25 and 26. T. 11 N. , R. 13 W.--The manganiferous zone as exposed in sec. 23 south of the road, is about 350 feet thick and includes 20 to 30 separate manganiferous beds ranging in > thickness from an inch to*a foot.
The manganiferous zone extends southward toward the river, to a point where it is overlapped by alluvium-Nothing more than faint showings were found in the isolated exposures in the alluvium or in the bluffs along the river. Toward the northwest the manganese zone seems to have almost faded out where a broad area of high alluvium begins to obscure the bedrock. The lower zone is traceable along its strike for a little '* \ less than 4 miles. It has its greatest observed thickness, about 350 feet, in sec. 21. To the southeast it is partly hidden by alluvium, but northwest it thins out abruptly, being only a little over 100 feet thick in the western part of sec. 17.
There a part of the lower zone perhaps all of it at one place is cut out by conglomerate.
Most of the manganiferous beds of the lower zone are widely separated lenses ranging in thickness from less than an inch to a foot though the maximum is rarely attained and in length from a few feet to a few hundred, feet. In the western part of sec. 17, however, some of the manganiferous beds are 2 to 3 feet thick, and in the eastern part of sec. 18 a prominent manganiferous bed attains a thickness of about 15 feet and extends for 1,000 feet along the strike.
In 1941 no effort had yet been made -to prospect the lower zone.
Origin
Although the scope of this preliminary report precludes a detailed discussion of origin, it can be said that the deposits were undoubtedly formed at the same time as the containing rocks. Hewett-/ included the Artillery deposits in the small group that "convincingly display that the manganese oxides were laid down as part of the sedimentary-rocks that contain them,"
and Hewett's conclusion is corroborated by the following evidence noted in the present examination: 3). For some of the earlier holes, moreover, drilled before it was recognized that color is not a good indication of grade, only the richer-appearing beds that were cut were sampled, so that grade can be computed for only part of the known reserves.
Basis of estimates
Estimates of reserves are based on the diamond-drill data supplemented by analyses of 51 samples collected for this pur-\ pose by Lasky, and on measurements of areal extent and thickness beyond the limits of the diamond-drilling, all interpreted on the basis of the geologic observations. Positions at which 48 of Lasky's 51 samples were taken are shown on plate 68; the other three were taken from the exposures of the Price block in Burro Wash. Analyses of these samples were made in the laboratories of the Geological Survey. Tonnages were estimated by averaging bulk specific gravity determinations made on 32 samples of typical ore collected during the investigation.
It has been assumed that no bed less than 5 feet thick would be mined, unless it were of extraordinary richness. It has also been assumed that any barren layer leas th.an 5 feet thick and lying between minable manganiferous beds would have to be taken out with the ore. For the beds^of minable thickness, all material lias been included t'nat 1 3 obviously manganif erous. This is equivalent to taking a cut-off value of about 1.5 percent Of manganese, but some material containing as little as 1 percent of manganese is included. The Maggie block is estimated to contain 80,000,000 tons of ore with an average manganese content of 3.75 percent. Table 19 lists the grade and tonnage of the three kinds of ore that make up this total, and the boundaries between them are indicated on plate 69. The boundary between the sandstone ore and clay ore in large part follows bedding planes, although no attempt was made to show this fact in the illustration.-The apparent horizontal extent of the hard ore, which is the principal source of the higher grades of material, is indicated in plate 68. The thickness* of this hard ore as cut in the drill holes ranges from 4 to 56 feet, and the average for the block is about 20 feet.
In addition to this 80,000,000 tons, there is estimated to be about 40,000,000 tons in the part of the manganiferous beds cut in some drill holes but not sampled, or too poorly exposed in Maggie Canyon to be sampled by the writer. This 40,000,000 tons is assumed to have a grade approximating the combined average of sandstone and clay ores and thus to contain an average of / about 3 percent of manganese. There appears to be a minimum of about 175,000,000 tons, including about 125,000,000 tons containing an average of 3.5 to 4 percent of manganese and 50,000,000 tons unsampled but probably of similar grade. Of this total about 15,000,000 to 20,000,000
tons is estimated to contain 5 percent or more of manganese, and somewhat over 2,000,000 tons is estimated to contain 10 percent or more.
Further drilling to delimit the ore body in the Lower Chapin block may reveal additional reserves, and many square miles oT territory still remain unexplored. It is probably safe to say that the area contains an assured minimum of 200,000,000 tons that averages 3 to 4 percent manganese, of which about 20,000,000 tons contains 5 percent or more and 2,000,000 to 3,000,000 tons contains 10 percent or more.
To what extent these deposits constitute a resource that can be used either now or in some future emergency is a metallurgi- Further explorations in the Artillejry area might be directed tioward three objectives obtaining more data on known ore bodies; investigating extensions of known ore bodies not yet fully delimited either in extent or in thickness; and seeking new ore.
The Waggle block should be more closely drilled in order to determine the continuity of some of the higher-grade parts of the hard ore (see pi. 68). The hard ore is the only material in this block that appears adaptable to beneficiation by known methods, and before mining could start it would seem desirable that the tonnage, grade, spacing, and form of the higher-grade shoots of such ore be determined more closely than has yet been done. South of Maggie Canyon, drilling by the Bureau of Mines has delimited the known higher-grade shoots closely enough to
give a good Idea of reserves and of the form of the deposits; north of the canyon, however, there has been only enough drilling to indicate the presence of discontinuous high-grade shoots.
Should mining be started on the Artillery deposits and a method be devised for treating the sandstone and clay ores, it would be worth while to seek more complete data on the deposits of sandstone and clay ore in the upper Chapin block. As only two holes have been drilled between the known, shoots of hard ore in the Maggie Canyon area and the cropping of hard ore in the upper Chapin block, oit is not known whether this ore extends continuously between the two localities. There is a good chance, however, that it does so and that minable bodies of hard ore may be found in this interval. The down-dip extension of the ore in the lower Chapin block will doubtless be further explored later, and, should the Artillery deposits ever be mined, ore would presumably be looked for In the Maggie block at horizons below those that have hitherto been reached by drilling. Any new ore that may be found is likely "to be similar both in grade and kind to that found already. New exploration, therefore, however likely it may be to find new ore, can well wait until improved methods of beneficiation have been tried out in treating the great tonnages already known. <X* ..A^ O
